Abstract. Within the framework of the plasma-laser star model of quasars it is proposed that the quasar 0805 + 046 is a helium-rich shell star. (a) The strong emission line at 4712 A is identified with He1 14713.
Introduction
We have proposed a theory of quasars (Varshni, 1973 (Varshni, , 1974a (Varshni, , 1975a (Varshni, , 1977a (Varshni, , b, 1978 (Varshni, , 1979 Varshni and Lam, 1976) , based on sound physical principles, which does not need the artificial assumption of redshifts and provides satisfactory explanations of the various phenomena associated with quasars. This theory is known as the plasma-laser star (PLS) model of quasars. Most of the observational evidence on quasars either supports our theory or else is consistent with it (Varshni, 1979 (Varshni, ,1982 . We have analysed the emission line spectrum, the absorption line spectrum and the continuous energy distribution of the quasar 0805 + 046 (also known as 4C 05.34) in the framework of the PLS theory and we propose the following model for this quasar: it is a helium-rich (Hunger, 1975) shell star. At this stage the observational evidence is not adequate to draw any conclusions concerning the degree of helium-abundance (Kaufmann and Theil, 1980) .
Emission Lines
There are three other quasars which belong to the same spectral class as 0805 + 046. It is convenient to consider the four quasars together. It also helps in assessing the accuracy ofthe reported wavelengths. We summarize the data for the three important emission lines which have been observed in these quasars in Table I . For each quasar the first row shows the reported wavelengths. Below each wavelength, where known, are indicated the equivalent width and half-width (FWHM) of the line. A few other weak emission lines have been reported, but data on these are very uncertain and, hence, these lines are not included here.
0805 + 046. There are three sets of measurements available. (a) Lynds and Wills (1970) spectroscopic observations were made at Kitt Peak National observatory. (b) Osmer and Smith (1976) carried out absolute spectrophotometry using the SIT-vidicon spectrometer on the 1.5 m telescope at CTIO. (c) Jian-sheng et al. (1981) obtained the spectra of this quasar with the AAT at 2 A resolution. 0138 -381. Two sets of data are available. (a) It was first observed by Osmer and Smith (1976) who carried out absolute spectrophotometry. (b) Whelan et al. (1979) observed it using the AAT in the wavelength region 4550-6400 A. As Table I shows, these authors found the equivalent widths of the three lines in Table I to be a factor two lower than those determined previously by Osmer and Smith (1976) . Subsequent absolute spectrophotometry by Whelan et al. (1979) using the Boksenberg IPCS confirmed Osmer and Smith's original value for line No. 1 but yielded a value for the line No. 3 close to what they had found originally. From the available evidence it would appear that there was a large change in the relative intensities of line Nos. 1 and 3 between the times of observations of Osmer and Smith (1976) and those of Whelan et al. (1979) . Such a change is readily understandable on the PLS model (Varshni, 1975a (Varshni, , 1979 
Continuous Energy Distribution
Oke (1970) carried out photoelectric spectrophotometry of 0805 + 046 and obtained the absolute spectral-energy distribution from 13220 to 19000. It was found that there was a drop of intensity by a factor of 2 at 13420. We identify this drop with the helium discontinuity at 3,3422 (the ionization limit from the 2 3~ state of helium). This helium discontinuity was first observed by Popper (1947) in the helium-rich star HD 124448.
Absorption-Line Spectrum
We have discussed earlier (Varshni, 1977 (Varshni, , 1978 ) the characteristics of the absorptionline spectrum of quasars that are predicted from our model. In short we expect the absorption-line spectrum of quasars to be quite similar to those of shell stars -except that a wider range of excitation is expected for quasars. It is well known that in the spectra of shell stars, absorption lines for which the lower level is metastable, are unusually strong and dominate the spectrum.
The correct identification of spectral lines from an astronomical source is extremely important. Because from it flows all our knowledge of the composition of and the conditions present in the region where absorption lines are formed. The correct identification of lines, in its turn, depends critically on the resolution, signal to noise ratio, accuracy, and completeness of the observational data.
There have been three investigations on the absorption line spectrum of 0805 + 046.
Lynds (1971) obtained one spectrogram at 5 A resolution and five spectrograms at 10 A resolution. He lists a total of 93 lines -90 of these are from the 5 A resolution spectrogram, and the remaining 3 from the 10 A resolution ones. Coleman (1978) studied the absorption line spectrum of 0805 + 046 using the Steward Observatory 2.3 m telescope with the Cassegrain image-tube spectrograph, which was used in two different modes. Three plates were taken with the spectrograph in a conventional mode at a reciprocal dispersion of 47 A mm-', while one was obtained O Kluwer Academic Publishers Provided by the NASA Astrophysics Data System using the cross-dispersed echelette configuration (Carswell et al., 1975) . In this system the reciprocal dispersion is roughly proportional to wavelength and is roughly 40 A at 3900 A r n m '. Coleman (1978) reported a total of 135 lines in the spectral range 3,A3400-5000. The estimated resolution was -2 A. Jian-sheng et al. (1981) have obtained the spectra of 0805 + 046 with the Anglo--Australian telescope at 2 A resolution from 3300 to 6100 A with the image photon counting system. The observations were carried out on 17 February, 1977 , 2, 3 May, 1978 , and 12, 13 February, 1980 . These authors list a total of 202 lines. Amongst the three investigations, the best results appear to be those of Jim-sheng et al. (1981) . A comparison of the three sets of data is in order.
(a) Lynds (197 1) and Coleman (1978) Lynds (1971) reported 93 lines in the interval 3495-6010 A. Of these, 79 are in the range 3495-5000 A, which is common to the two sets. Coleman's observations confirm 64 of these as unresolved and 4 of them were resolved into two components. Eleven lines reported by Lynds were not found by Coleman. To give an idea of the difficulty in identifying lines when the observations have such large errors, we note that in RMT (Moore, 1945) resolution is approximately the same in two cases, it appears that there were some important shortcomings in the techniques used by Coleman (1978) which led to the non-detection of so many lines. From the above discussion it is obvious that the resolution alone is not an adequate indicator of the quality of the reported spectrum. It is desirable that the signal-to-noise ratio also be given in observational papers.
A comparison of the common lines between Coleman and Jim-sheng et al. shows that the ratio W,(Jian-sheng et al.)/W, (Coleman) varies between 1 and 7. One, of course, has to remember that the equivalent widths depend on how the continuum is drawn. We wish to emphasize the large discrepancies in the equivalent widths given by different observers to indicate that for the purpose of identscation of lines the recorded equivalent widths can only be taken as a quahtative guide and no more.
The progressive increase in the number of observed lines -93 (Lynds), 135 (Coleman) , and 203 (Jian-sheng et al.) -with the improvement in observational technique clearly indicates that even the list of Jim-sheng et al. is not complete and this factor has to borne in mind while considering the number of lines of any element which are identified as against the expected number of lines. This also applies to the question of completeness of multiplets in the identifications. In addition, one has to remember that in the spectra of stars it is known that 'mutilated multiplets' do occur. The tolerance (or wavelength discrepancy) that one can permit in the identifications depends on the resolution, uncertainty in the wavelength calibration and the width of Figure 1 of Jim-sheng et al. (1981) shows that there are a good many lines having a width greater than 2 A. Sometimes a blend is several Angstroms wide. Clearly in such cases a tolerance commensurate with the width has to be allowed. In the light of the above discussion we have taken 1.5 A as a guiding value for the tolerance but larger values have been allowed in appropriate situations.
Identifications for most of the absorption lines in the region shortward of 5000 A reported by Jim-sheng et al. (1981) are presented in Table 11 . Beyond 5000 A the available data are very unsatisfactory. Only two sets are available, those of Lynds (1971) and Jim-sheng et al. (1981) , and there are serious disagreements between the two sets. Also for identification purposes the requirements on accuracy become more demanding in this region -the reason being that most of the lines in this region arise from excited states and are generally weak as compared to those at shorter wavelengths. Because of this, we have not even attempted to propose any identifications for lines in this region.
For judging the relative intensities of lines for identification purposes, we have taken as our guide the relative intensities of those lines in the spectra of shell stars (Struve and Roach, 1939; Struve and Swings, 1941, 1943; Baldwin, 1941a Baldwin, , b, 1943 Struve, 1943; Broyles, 1943; Hiltner, 1944; Merrill and Sanford, 1944; Weaver, 1952; Merrill and Lowen, 1953; Ballereau, 1980) , rather than the laboratory intensities listed in Moore (1945) . The reported equivalent widths of lines in 0805 + 046 appear to indicate that in some cases, besides the proposed identifications, there is blending due to unknown components. The r.m.s. value of (A, , , -Aid,,.) for all the identifications is 1.24 A which is quite satisfactory.
Next we shall consider some of the identzed ions. H~I . A great many lines are present. The only important line missing is 24026. Mgr. AA3829, 3838 are present but A3832 is absent. This is, however, not surprising. The lower level of A3832 is not strictly metastable (Struve, 1939; Baldwin, 1941 ) and this line is sometimes absent in the spectra of shell stars (Baldwin, 1941) .
M~I I . The well-known line A4481 is present. S~I I .
Multiplets 1 and 3 are present. C~I I .
Part of the equivalent widths of K and H lines is expected to be interstellar. SCII. Scandium is a rare element, but A4247 attains considerable strength in a few shell stars. A4247 is present here. In addition, most members of multiplets 2 and 3 are present.
F~I I . Many members of multiplets 27, 28, 37, and 38 are present. The observed line at A4225 deserves special mention. The tracing given by shows it to be a strong, wide, and slightly asymmetrical line. The width at half intensity is about 7 A. C~I A4226 has been included in the identification of this line O Kluwer Academic Publishers Provided by the NASA Astrophysics Data System THE QUASAR 0805+046 because of its strong intensity. It could, of course, be argued that at the level of excitation indicated by other ions, C~I is unlikely to be present. However, there may be stratification in the shell. The problem can be resolved by higher resolution observations. Attempts have been made by some workers to explain the absorption-line spectrum of 0805 + 046 on the redshifts hypothesis by assuming multiple redshifts. We have, however, shown (Varshni, 1974b, c; 1975b) that the number and properties of these proposed absorption redshift systems are insignificantly different from those that would be expected from chance coincidences. It may be of some interest to note that in the region shortward of 5000 A, the redshift hypothesis identifies 50 lines 198 1) while we have identified 140 lines. In earlier papers (Varshni, 1978 (Varshni, , 1979 we have emphasized the need of obtaining the absorption-line spectra of quasars with high resolution and accuracy (-0.1 A). Recently a number of papers have appeared in which high-resolution studies of quasars have been reported (ChaiTee et al., 1983,12 krn s-'; Carswell et al., 1984,0.25 A; York et al., 1984, 10 krn s I ) , though these investigations cover only a narrow region of the spectrum. Clearly, the techniques are now avadable. It would be most desirable to obtain the spectrum of 0805 + 046 over a wide wavelength interval (3200-5000 A) at a high resolution and with a high signal-to-noise ratio.
Absorption lines have been noted in the low-resolution spectra of 0138 -381 and 03 16 -203. It would be of considerable interest to obtain high resolution absorption-line spectra of these two quasars. An intercomparison of the absorption lines in 0805 + 046 can provide clues to the evolution of the shell in a quasar. It would also be of interest to look for the helium discontinuity at A3422 in 0 138 -38 1,03 16 -203, and 1 124 + 57 1.
During the last twelve years since the PLS model was first proposed, progress has been made in theoretical studies and in experimental observations of population inversion in an expanding plasma. We note here one point which is of direct relevance to the present paper. Zhinzhikov et al. (1978) have observed population inversion in helium in supersonic plasma expansion. The experimental data confirm the operation of a recombination mechanism for the population of the He1 levels under the experimental conditions. Population inversion has also been observed in some heliumlike ions (Apruzese et al., 1978; Bhagavatula and Yaakobi, 1978; Zhizhan and Guangyu, 1983) .
Finally, we may also note here that He1 A4713 emission is known to occur in the spectra of certain novae and nova-like stars.
Note added in proof:
The quasars 2343 + 008 (Gaston, 1983 ; emission h e at 4715 A) and 0420 + 003 (Margon et al., 1985) also appear to belong to the same spectral class 0805 + 046, but the available data are very scanty.
